Seed proteins of Cleome gynandra were characterised and compared with wild mustard (Brassica kaber) seed proteins. Proteins were extracted, analysed with SDS-PAGE and sequenced. The gels were stained with standard Coomassie blue and bands were determined with Quantity One computer package. Prominent protein bands were present at M r 40 -48 kDa, 25 -28 kDa and 15 kDa in the unreduced seed samples of C. gynandra. On reduction with DTT, the gels showed high intensity bands at M r 27 -28 kDa, 18 -20 kDa and 13 -15 kDa. Two-dimensional SDS-PAGE showed that the polypeptides of M r 27 -30 kDa occurred at pI 6.5 -7.5 and the polypeptides of M r 18 -20 kDa were present at pI 8.5 -9.6. The seed proteins diminished during radicle protrusion and this suggests that they are storage proteins. Comparison with proteins in the proteome library and similarity index further showed that the seed proteins of Cleome had similarities with those of wild mustard. Twodimensional SDS-PAGE showed that the two species have nine similar polypeptides and that B. kaber has four additional polypeptides.
Introduction
Evolutionary changes have occurred in the two ancestral genes that encode vicilin and legumin during evolution resulting in the many different globulins recognised today (Bewley and Black, 1994) . Usually, one type of storage protein dominates the protein bodies of a species (Bewley and Black, 1994) and the dominating storage proteins in several dicotyledonous species are the 11-12 S globulins Shutov et al., 2003) . It was reported by Bewley and Black (1994) that vicilin had been shown to be absent in the Brassicas and Arabidopsis. Cruciferin, a legumin-like 12 S storage protein, is the main seed protein in Raphanus sativus (Laroche et al., 1984) , Brassica napus (Rö din and Breen and Crouch, 1992; Rö din et al., 1992) and Arabidopsis thaliana (Gallardo et al., 2001) . These species belong to the family Brassicaceae that is in the order Capparales together with the family Capparaceae to which Cleome gynandra belongs (Cronquist, 1988) . Cronquist (1988) reported that the Brassicaceae are related to the Capparaceae but are more advanced in some aspects, and hence are more complex.
The 12 S globulin in radish has a molecular weight of about 300-350 kDa and are composed of six dimeric polypeptides of molecular weight¨55 kDa hydrogen bonded (Laroche et al., 1984) . Two-dimension SDS-PAGE showed that the¨55 kDa dimer consisted of 9 polypeptides with molecular weights ranging from 33 to 30 kDa. The storage protein in radish was found to be similar to that in rapeseed but the latter was more complex (Laroche et al., 1984) .
Characterisation of the 12 S storage protein of B. napus showed that it consisted of pairs of a-chain (30 kDa) and hchain (20 kDa) polypeptides, linked to each other by disulphide bonds, to form a subunit pair of¨55 kDa . Further electrophoretic analysis under reducing conditions showed that the a-chain and four h-chain polypeptides split further into four different polypeptides . Sjö dahl et al. (1991) identified at least three different cruciferin precursors and referred to these as P1, P2 and P3. The precursor P1 gave rise to mature a 1 -h 1 chain (subunit Cru1); P2 gave rise to a 2/3 -h 2/3 (subunits Cru2 and Cru3) and P3 to a 4 -h 4 (subunit Cru4), resulting in four groups of polypeptides previously observed by Pang et al. (1988) . In a recent review, Shutov et al. (2003) emphasised that during formation and deposition, storage proteins are protected against premature breakdown, whereas they become completely degradable during initiation of germination. However, it was observed that there is limited proteolysis during seed maturation (Shutov et al., 2003) , and Wong et al. (2004a) argued that the presence of thioredoxins, which are known to reduce disulphide bonds of wheat endosperm proteins including storage proteins, was an indication that limited proteolysis occurs. As stated earlier, analyses of reduced proteins showed that the holoprotein was split into smaller polypeptides. Bewley (1988, 2000) successfully used electrophoretic techniques for cultivar identification in alfalfa. Protein profiles obtained by SDS-PAGE of seed extracts of Brassica kaber and C. gynandra were compared through the use of similarity index (SI) (Ladizinsky, 1983) and pairing affinity (PA) (Das and Mukherjee, 1995) . These parameters have been used to establish the degree of similarity between and within species. However, the formula for PA indicates that total protein bands is obtained by adding the bands of species A and B, thereby double counting the bands and obtaining a false low PA value.
The 12 S globulins are synthesised and accumulate during seed development and maturation stages (Laroche et al., 1984; Bewley and Black, 1994) . These proteins lack enzymatic activity and have high solubility in dilute salt solutions, and are hence considered as globulins (Nielsen et al., 1997) . Most of the 12 S polypeptides in rapeseed are neutral (pI) but major proteins in radish were found between pI 6.2 -8.5 and 10 -12 (Laroche et al., 1984) . In this study, seed storage proteins were sequenced after analysis by SDS-PAGE and comparisons were made between the prominent protein bands and spots of Cleome to those of wild mustard (B. kaber).
Materials and methods

Plant materials
C. gynandra
Seeds donated by the Kenya Seed Company (KSC seed lot) were used to produce fresh seeds under rain fed field conditions in Pietermaritzburg (29-35VS 30-25V E), South Africa. Seeds were harvested at three pod maturity stages: green, yellow and brown pods. Green, brown and black seeds were present in green pods and only black seeds were present in the yellow and brown pods. Pod and seed colours are indications of the relative physiological maturity of the seeds. Seeds from brown pods and KSC seed lot were germinated at alternating temperatures 20/30 -C in 16/8 h darkness/light, respectively (Labcon, Johannesburg, South Africa) and were sampled at 24 h intervals for protein extraction.
Wild mustard
The seeds of wild mustard were produced under rain fed field conditions at Umbumbulu, 65 km from Pietermaritzburg and mature dry seeds were harvested when the pods were brown.
Protein extraction and polyacrylamide gel electrophoresis
Three sub-samples of 50 dry seeds or germinated seeds each were ground in liquid nitrogen and total proteins extracted in thiourea/urea lysis buffer as described by Harder et al. (1999) . To the lysis buffer was added 18 mM Tris -HCl, 1% (v/v) Ampholytes (pH 3 -10) (Amersham Pharmacia Biotech, UK), 0.2% (v/v) Chaps, protease inhibitor ''complete mini'' cocktail from Roche Diagnostics GmbH, 4.9 U/ml of Rnase A, 53 U/ml of Dnase I and 0.2% (v/v) Triton X-100. The lysis solution was added to the ground seed sample and the mixture was shaken. After 10 min, 1% (w/v) dithiothreitol (DTT) was added and extraction proceeded at room temperature with intermittent shaking (Gallardo et al., 2001 , with modifications from Gö rg et al., 2003) . The non-reduced form of the proteins was obtained without incorporating DTT in the extraction buffer. Extraction was carried out at room temperature for 1 h with intermittent shaking. The extract was centrifuged (Beckman J2-21 M) two times at a speed of 32,000Âg for 10 min at 4 -C to obtain a clear supernatant, which constituted the soluble fraction of the proteins. Protein content of the extracts was determined using the Pierce Micro BCAi Protein Assay Reagent Kit with bovine serum albumin (BSA) as a standard, according to the manufacturer's instructions. Protein samples of 20 Ag per well were analysed with 10% SDS-PAGE run in Multiphor II vertical electrophoresis apparatus (Mighty Small) according to Laemmli (1970) system at 20 mA, 300 V for 3 h. The gels were stained overnight with standard Coomassie blue and then de-stained with Destaining solution II (7% acetic acid, 5% methanol) until the gel background became clear.
Bands on the SDS-PAGE gels were determined with Quantity One computer package (2004) , which also quantified average band intensity. This package is able to match protein bands with those of the molecular weight marker used and indicate the relative weights of the unknown bands on the gel. Quantity One was used to determine the total number of protein bands on three replicate gels of the two species Cleome and B. kaber. Analysis of variance and similarity index (SI) were used to compare band variations between the two species. The SI was calculated from electrophoretic band spectra of the gels on Fig. 2 by the formula (Ladizinsky, 1983) :
No: of common bands Â 100 No: of common bands þ No: of uncommon bands
The SI value was used to determine how closely related the species are to each other; and the higher the index is, the higher the level of similarity between the species.
Two-dimensional SDS-polyacrylamide gel electrophoresis
The procedures below were performed according to the manufacturer's instructions, Pharmacia Biotech SE 260 System. The first dimension isoelectrofocusing (IEF) was per-formed on IPG strips (immobilized pH gradient) loaded with protein extracts; each strip with one sample extract. The Immobilinei DryStrip (pH 3-10, 11 cm long) was rehydrated with 40 Al of sample dissolved in rehydration solution (8 M urea, 2% CHAPS, 0.2% ampholyte, 0.5% IPG buffer and 0.5% DTT) in the reswelling tray overnight at about 22 -C. The strip was washed in distilled water and placed in the IEF apparatus. The conditions for IEF on Multiphor II System (Pharmacia) were 500 V for 4.5 h in phases I and II and 2000 V for 11.5 h in phases III and IV, giving a total run time of 16 h, 20 100 V h. Two-step equilibration procedure followed the isoelectrofocusing of the IPG strip before the second dimension electrophoresis was performed. In the first step the IPG strip was placed into a tube with 20 ml equilibration solution I containing equilibration buffer (6 M urea, 30% (w/v) glycerol and 2% (w/v) SDS in 0.05 M Tris -HCl buffer, pH 8.8) plus 50 mM DTT and shaken for 10 min. The strip was removed and placed into another test tube with 20 ml equilibration solution II containing equilibration buffer plus 4% (w/v) iodoacetamide and bromophenol blue for another 10 min on the shaker. The strip was removed and rinsed in distilled water and placed on moist filter paper to dry. The strip was placed horizontally on top of a 10% SDS-PAGE gel of 1 mm diameter, cast without the stacking gel, at a height of 10 cm. The second dimension was run vertically at 300 V and 20 mA constant current for 2 h. The gels were stained with standard Coommasie (R250) blue overnight, followed by de-staining with Destain II until the gel background became clear.
N-terminal amino acid sequencing
In order to improve protein resolution, 15% SDS-PAGE gels were prepared and stored in the fridge at 4 -C overnight to polymerise completely. Proteins were extracted as before and 20 Ag of protein per well was analysed by SDS-PAGE. Thioglycolate (0.1 mM) was added to the upper running buffer prior to electrophoresis. Proteins were electroblotted onto the Sequi-Blot PVDF Membrane (Bio-Rad) for sequencing. The hydrophobic PVDF (polyvinylidene difluoride) membrane binds proteins tightly, thereby providing excellent support for amino-terminal protein sequence. The membrane was wetted in 100% methanol until it became translucent. It was floated on the transfer buffer (3-[cyclohexylamino]-1-propanesulphonic acid buffer-CAPS) until it was completely equilibrated. Once the membrane was wet, it was placed on the gel, which already had the proteins, and they were placed between layers of wet blotting papers and transferred to a gel holder cassette. The cassette was then placed into the protein transfer unit (Mini Trans-Blot Electrophoretic Transfer Cell, Bio-Rad). The transfer was run according to the Boi-Rad Instructions Manual for 2 h at maximum current and 90 V. The membrane was removed and allowed to dry on the bench overnight. The distinctly separated protein bands were cut from the membrane and protein sequencing was performed using Procise 491 Protein Sequencer (Applied Biosystems, USA). The sequence analysis results provided 10 amino acids from the N-terminal, which were used to search for sequence identity (homology). The search was carried out at the site http://www.expasy.org/cgi-bin/blast.pl.
Statistical analysis
Three replications in the form of three gels were obtained and variations in the occurrence of the prominent bands was analysed. Analysis of variance was performed on nine bands at M r 50, 30, 27, 25, 24, 22, 20, 18 , and 15 kDa and the same bands were used in the similarity index (SI) calculations. Analysis of variance was done on the original and transformed data using GenStat statistical package (2000) and the results were similar. Excel (Windows 2002) was used for the computation of mean values used in SI analyses.
Results
In the electrophoretic analysis of the non-reduced proteins, bands of M r 40 -65 kDa were present in both species (Fig. 1) . Cleome had prominent proteins at 48. 44, 40.61, 28.13, 25.42, 17 .90 kDa and 15.80 kDa, while wild mustard showed prominent bands at 64. 60, 50.60, 30.14, 27.88, 24.89, 17 .00 and 15.13 kDa. When the protein samples were reduced, the protein bands M r 41 -48 kDa disappeared and a band of 62.56 kDa appeared. There was increased accumulation of polypeptides of molecular weights 27.50 kDa, 18.85 kDa and 13.73 kDa bands in Cleome seeds (Fig. 2) . Wild mustard seeds showed increased accumulation of proteins at molecular weights of 30.14 kDa, 26.16 kDa and 18.04 kDa, while a band of 72.64 kDa appeared. Five protein bands of M r 14, 18, 25, 27 and 30 kDa, which were consistently present in Cleome, were also observed in wild mustard, but at higher accumulation levels in the latter. This suggests that there are similar polypeptide components in the storage proteins of these two species. Analysis of variance of the presence or absence of nine relatively prominent bands showed that the two species were dissimilar at 10% probability level. There was no interaction between species and bands, meaning that there was consistency in the appearance of the bands in the two species. To further support this view, an average similarity index value was obtained from the electrophoretic band spectra of Cleome and wild mustard from Fig. 2 . A similarity index of 64.3% was obtained and this value is relatively low because wild mustard seeds had more polypeptides than Cleome seeds.
The content of seed proteins increased as the seeds of Cleome matured as shown by sequential increase in the number of bands (Fig. 3) . Green seeds from green pods showed the least number of protein bands. Brown seeds selected from the green pods accumulated more seed proteins compared to the green seeds, but less than the black seeds. Black seeds selected from green pods and those obtained from yellow and brown pods had four protein bands with molecular weights of 55.19 kDa, 30.06 kDa, 26.63 kDa and 17.76 kDa. The seeds from yellow and brown pods further accumulated a low molecular weight protein band of about 13.31 kDa. The intensity of band expression increased significantly as the seeds matured (Fig. 4) . The green seeds from green pods showed the lowest expression whereas the black seeds from yellow and brown pods showed the highest band intensity.
Analysis of the seeds of wild mustard with two-dimensional SDS-PAGE showed that it had more polypeptides than Cleome (Fig. 5 ). There were three polypeptides M r 30 kDa, pI 6.8-7.5 (circled) and one at pI 8.5 (arrow). Two polypeptides were shown at M r 27 kDa, pI 7.0 -7.5 (circled) and the other at pI 9.6 (arrow). Two polypeptides of M r 17 kDa showed low expression at pI 9.0 -9.6 (circled). Two polypeptides at M r 18 kDa appeared separately at pI 6.8 and pI 8. Three other polypeptides of M r 18 kDa were shown at pI 8.8-9.8 (circled). The four consistent protein bands from Cleome seeds split into nine prominent polypeptides according to their isoelectric points (Fig. 6) . Three polypeptides occurred at M r 30 kDa and two at M r 27 kDa, at pI 7.0 -7.5 (circled), while two polypeptides each appeared at M r 18 kDa and 22 kDa, at pI 9.0 -9.6 (circled). The polypeptides that are circled were common to both Cleome and wild mustard seeds (Figs. 5 and 6). However, four additional polypeptides absent in Cleome seeds were observed in wild mustard (Fig. 5, arrows) . The seeds of Cleome started germinating on the second day and by the third day had reached a germination percentage above 70%. The mobilisation of seed proteins became evident at this point of the germination process as the proteins were utilised. The expression of the proteins of M r 30 and 27 kDa, identified by the circle in Fig. 7 , was diminished by 72 h.
Comparisons of the N-terminal amino acid sequences obtained from the four prominent proteins in Cleome seeds with those in the proteome library are shown in 
Discussion
Prominent protein bands that were observed at M r¨5 0 kDa in Cleome (Fig. 1) were reduced and resulted in the increased expression of 27 -30 kDa, 18 kDa and 13 -15 kDa polypeptides in Fig. 2 . Polypeptides of M r 25 -30 kDa and 18 -20 kDa were shown in the unreduced sample (Fig. 1) and their accumulation levels increased when the extraction included a reducing agent (Fig. 2) . This suggests that the storage proteins of Cleome consists of dimeric polypeptides of¨50 kDa, which are broken by the reducing agent (DTT) into polypeptides of The N-terminal amino acid sequences obtained were compared with the proteins in the proteome library. The proteins tabulated below showed homology with those from Arabidopsis. *I -IV represents the four proteins consistently observed in SDS-PAGE gels. **Polypeptides of molecular weights marked in red were experimentally determined.
M r 30, 28 and 18 and 13-15 kDa. This is similar to the observations made in radish (Laroche et al., 1984) , rapeseed ) and many dicotyledonous plants (Bewley and Black, 1994) . Rö din and observed that the unreduced sample of B. napus seeds showed polypeptides of molecular weight 48 -54 kDa, 29 -33 kDa and 21 -23 kDa. Klimaszewska et al. (2004) also observed that 11 S globulins of molecular weight 59.6 kDa dissociated under reducing conditions to 38.2-40.0 and 22.5-23.5 kDa range polypeptides in Pinus strobus. showed that the 30 kDa aand 20 kDa h-polypeptides in rapeseed further split into slightly smaller polypeptide chains after reduction and alkylation. However, the appearance of polypeptides of molecular weight 62.56 kDa in Cleome and 72.64 kDa in wild mustard when the samples were reduced could not be explained adequately. It is evident from Figs. 1 and 2 that the protein bands of M r 25 -30 and 18 kDa were present in the unreduced sample. Wong et al. (2004b) observed that proteins are synthesized in the reduced state during seed development, and oxidised during maturation and drying. Wong et al. (2004a) observed that thioredoxin reduces disulphide bonds of target proteins during germination and argued that its presence in mature seeds implied that some protein reduction was occurring. Adachi et al. (2003) explained that this could occur when the pH in the vacuoles became acidic. Shutov et al. (2003) explained that although storage proteins are protected from early degradation, there is limited proteolysis in dry seeds.
The number of protein bands in Cleome increased as the seed matured and the accumulation of low molecular weight bands increasing later during maturation (Fig. 3) . Four prominent protein bands of estimated molecular weights 30 kDa, 28 kDa, 18 kDa and 17 kDa were present in the mature seeds of C. gynandra. Seed lots of Cleome produced in different regions contained similar protein bands (data not shown). Ladizinsky (1983) observed that seed protein profiles are highly stable within species and Krochko and Bewley (2000) showed that there were consistent similarities among cultivars and between subfamilies in Medicago sativa. Thomas et al. (2003) showed that the concentration of crude protein in soybean seeds did not change significantly when the glasshouse was kept at average day/night temperatures of 23 -31 -C, but decreased with further temperature increase. Johansson et al. (2003) showed that environmental influences that gave rise to variations in protein content also changed total amounts of glutenins and gliadins in wheat. Furthermore, Triboï et al. (2003) observed that the variations in protein fraction composition in mature wheat grains were mainly due to differences in the total quantity of N per grain. It is noteworthy that these observations were not made specifically on storage proteins, but on crude protein content (Thomas et al., 2003; Triboï et al., 2003) , and gluten and gliadin (Johansson et al., 2003) .
Two-dimensional SDS-PAGE showed polypeptides of M r 30, 27, 21 and 18 kDa, and wild mustard seeds accumulated more polypeptides than Cleome (Figs. 5 and 6) . Laroche et al. (1984) observed that the storage proteins in radish and rapeseed were similar, and that rapeseed accumulated more polypeptides. However, Sjö dahl et al. (1991) reported that two different, but highly similar, proteins might be able to comigrate to the same position on SDS-PAGE gel.
The amino acid sequences obtained from the four prominent bands separated discretely by 15% SDS-PAGE showed homology with many proteins in the proteome library, including expansins and lectins (Table 1) . Expansins are enzymes that are structurally similar to glycosidases, and promote cell wall loosening and extension, normally expressed during seed germination (Chen et al., 2001; Ludidi et al., 2002) . These functions are pH dependent, with an acidic optimum. High transcript levels of expansin are found in the growing regions of internodes, leaves and roots (Lee and Kende, 2002) . The proteins under study were extracted from non-germinated dry seeds and appeared at the neutral pH, spreading to the basic region of the SDS-PAGE gel. Lectins, on the other hand, are a group of non-enzymatic glycoproteins that bind to specific carbohydrates in plants, animals and microorganisms. In plants, their function is not well defined (Bewley and Black, 1994; Herve and Lescure, 1995) . Adeli and Altosaar (1984) showed that vicilin-like polypeptides in Avena sativa were glycosylated like those in Pisum sativum and Glycine max unlike 12 S legumin. This could imply that lectins are mostly glycosylated vicilins.
The four amino acid sequences generated had homology with some proteins of unknown functions in the proteome library. For example, Laroche et al. (1984) , assuming a molecular weight of 30 kDa, obtained a total amino acid of 251 in radish, which is comparable to the value of 265 at molecular weight 30.2 kDa obtained during this study. using cDNA cloning of 12 S cruciferin of B. napus obtained a h-chain of 190 amino acids and molecular weight of 21.2 kDa. This is comparable with the h-chain of 187, 192 and 194 amino acid of molecular weight of 21.25 kDa, 21.64 kDa and 21.78 kDa, respectively, reported in this study. Sjödahl et al. (1991) used cDNA cloning to show the evolutionary close relationship between 11-12 S globulins in A. thaliana and B. napus and, deduced that the Cru4 precursor was composed of 465 amino acid residues. Upon proteolytic cleavage of a single peptide bond, this residue gave rise to an a-chain of 254 amino acid residues of 28.1 kDa and hchain of 189 residues of molecular weight 20.9 kDa. This compares with the a-chain of amino acid 265 and 263 (29.64, 29 .50 kDa) and h-chain of 187, 192 and 194 amino acid (21.25, 21.64, 21.78 kDa) . Most of the homology between the Blast search results and the N-terminal amino acid sequences obtained in this study showed high percent identities of 83 -100% (Table 1) . Laroche et al. (1984) showed that the 12 S globulins in radish were similar to those in rapeseed. Similarity index obtained in this study and the analysis of variance confirmed that wild mustard is closely related to Cleome, and also supports their classification into different families by Cronquist (1988) . The results also support the observation by Johansson et al. (2003) that cultivar influences can give rise to variations in both protein components and concentration.
Conclusions
In this study, it has been shown that the seed storage proteins in C. gynandra share some similarities with those of wild mustard (B. kaber). The storage proteins in C. gynandra consist of polypeptides of M r 41-48 kDa (a/h), 27 -30 kDa (a), 17 -18 kDa (h), and one smaller chain of 13 -15 kDa. Seeds of B. kaber were shown to consist of polypeptides of M r 50 -65 kDa (a/h), 30 kDa, 24 -28 kDa (h), 17 -18 kDa (a), and a smaller chain of 13 kDa. The polypeptides of M r 27 -30 kDa occurred at pI 6.5-7.5 and those of M r 17-22 kDa occurred at pI 8.5 -9.6.The sequence results consistently showed that the seed proteins of Cleome also have similarities to those of radish, rapeseed and Arabidopsis (Laroche et al., 1984; Sjö dahl et al., 1991; Rö din et al., 1992) .
